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TI - FUEL CELL 

AB - PURPOSE: To unify the concentration distribution of an active material on 
the three-phase interface by providing a ribbed electrode substrate 
having a control means of the gas permeability which is low on the inlet 
side of the reaction gas along a groove and high on the outlet side. 
- CONSTITUTION: The bottom face 25E of a groove 25 is slantly formed along 
the groove 25 on a rib electrode substrate 15 located between an 
electrode catalyst layer 6 and a separator 7 so that the depth (d) of the 
groove 25 is made small (d2) on the inlet side t2 of the reaction gas 8 
and large (dl) on the outlet side tl. The thickness (t) of the electrode 
substrate 15 between the bottom face 25B of the groove 25 and the 
electrode catalyst layer 6 is made thick on the inlet side t2 and thin on 
the outlet side tl, thus a control means of the gas permeability of 
hydrogen or oxygen as a reaction active material at this portion which is 
low on the inlet t2 side of the reaction gas 8 and high on the outlet tl 
side is formed. The concentration distribution of the active material 
generated on the three-phase interface is unified. 
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1) Title: Fuel Cell 

2) Claims: 

1. A fuel cell including a plurality of single cells, each cell having a matrix holding a 
phosphoric acid electrolyte, and a fuel electrode and an oxidising agent electrode 
disposed in a close-fitting manner on each side of said matrix, whereby a plurality of 
single cells form a stack with gas impermeable separators interposed between each 
cell, and said electrodes comprise a gas impermeable ribbed electrode substrate 
having channels forming a reaction gas passage on one side of said separator, and an 
electrode catalyst layer supported on the matrix side of the ribbed electrode substrate, 
wherein the ribbed electrode substrate is provided with means for controlling the gas 
permeability such that the gas permeability along said channels is low on the reaction 
gas inlet side, and high on the reaction gas outlet side. 

2. A fuel cell as recited in Claim 1, 

wherein said means for controlling the gas penneabilily is provided by reducing the 
thickness of the ribbed electrode in the bottom part of the channels in the direction of 
the reaction gas outlet side so that the bottom surface of said channels is inclined 
towards the reaction gas outlet side. 

3. .A fuel cell as recited in Claim 1, 

wherein said means for controlling the gas permeability is provided by a structure in 
which the density of carbon fibres in the ribbed electrode substrate is high along the 
channel at the gas inlet side, and reduces towards the outlet side. 

3) Detailed description of the Invention 
Industrial Application 

This invention relates to stacked-type fuel cells having a fuel electrode and an 
oxidising agent electrode in a ribbed electrode substrate system, and relates especially 
to a ribbed electrode stmcture which evens out the power generation characteristic 
along the reaction gas passage. 

Prior Art 

Fig. 6 is a perspective view of a single cell of a conventional fuel cell using a ribbed 
electrode system. In the drawing, the single cell 1 comprises a matrix 2 supporting a 



phosphoric acid electrolyte, the matrix 2 being interposed between a fuel electrode 3 
and an oxidising agent electrode on respective sides to fonti a layered body. The 
electrodes 3 and 4 are formed from a gas-permeable ribbed electrode substrate 5 
having a corrugated shape on one side and an electrode catalyst layer 6 fonned on the 
smooth side. Gas impermeable separators 7 are inteiposed between single cells 1 to 
form a multilayer stack. 

The arrangement of the respective channels 5A.5B formed in the electrode substrate 5 
by the corrugations is mutually orthogonal, and the a plurality of mutually parallel 
file! gas passages 5A and oxidising gas passages 5B are formed between the 
separators 7. A manifold (not shown) is gas-tightly attached to the four side walls of 
the cell stack. Hydrogen rich fuel gas 8F and a reaction air 8A acting as an oxidising 
agent are supplied to the fuel gas passage 5A via the manifold. 

The active substances hydrogen and oxygen in the supplied fuel gas 8F and the 
reaction gas 8 such as the reaction air 8A permeate the gas peimeable electrode 
material by diffusion and reach an interface mth the matrix 2, and make contact with 
electrode catalytic particles that are impregnated with phosphoric acid, to form a 
three-phase interface. Electric power is directly generated as a result of the 
electrochemical reaction. 

Problem to be solved by the invention 

The fuel gas and the reaction gas 8 such as reaction air flow into the channels from 
one end of the ribbed electrode substrate 5, and are exhausted from the other end. 
During the progression along the channels, the active substances hydrogen and 
oxygen diflltse into the electrode substrate, so that their concentration gradually 
decreases. At this time, the rate at which the active substances difftise into the 
substrate is proportional to the concentration of active substances in the reaction gas. 
The partial pressure of the active substances that reach the three-phase interface afler 
penetrating the substrate is shown by curve 101 in fig. 5. and the distribution is 
uneven, the partial pressure being high at the reaction gas inlet side and low at the 
outlet side. Consequently, near the reaction gas inlet, the diffusion rate is high, the 
voltage drop is small due to the concentration overvoltage, and a high operating 
voltage is maintained. However, near the reaction gas outlet, the diffusion rate 
reduces, the concentration overvoltage increases and the operating voltage reduces, 
creating a potential difference along the channels of the electrode substrate 5. In the 
electrode substrate 5. current flows in a direction that will lessen the potential 
(edgewise along charmels 5A, 5B), and causes the resistive oven'oltage to increase. 
Therefore, in a conventional fuel cell, the operating voltage has an uneven distribution 
along the reaction gas passage. Because of this, tlie electrode area cannot be 
efficiently used, and the power generating performance falls. 

An aim of the present invention is to improve the structure of the ribbed electrode 
substrate so that the concentration distribution of active substances at the three-pha<5e 
interface is made unifomi. 

Means for solving the problem 



To solve the above-mentioned problem, a fijel cell is provided comprising a plurality 
of single cells, each cell having a matrix holding a phosphoric acid electrolyte, and a 
fuel electrode and an oxidising agent electrode disposed in a close-fitting manner on 
each side of said matrix, whereby a plurality of single cells fonn a stack with gas 
impermeable separators interposed between each cell, and the pair of electrodes 
comprises a gas impermeable ribbed electrode substrate having channels fonning a 
reaction gas passage on one side of the separator, and an electrode catalyst layer 
supported on the matrix side of the ribbed electrode substrate, wherein the ribbed 
electrode substrate is provided with means for controlling the gas peitneability such 
that the gas permeability along the channels is low on the reaction gas inlet side, and 
high on the reaction gas outlet side. Specifically, tlie means for controlling the gas 
permeability is provided by inclining the bottom surface of the channels towards the 
reaction gas outlet side by reducing the thickness of the ribbed electrode in the bottom 
part of the channels in the direction of the reaction gas outlet side. Additionally, the 
means for controlling the gas permeability is provided by packing carbon fibres of the 
ribbed electrode substrate tightly along the channel at the gas inlet side, and more 
loosely towards the outlet side. 

Operation 

In accordance with the present invention, a ribbed electrode substrate is provided with 
means of controlling the gas permeability such that the gas penneability along the 
channels is low at the reaction gas inlet side and high at the outlet side. The reduction 
in the concentration distribution of the active substances hydrogen and oxygen in the 
reaction gas towards the outlet side is thus compensated by the increasing gas 
permeability of the electrode substrate towards the outlet side. In addition to the 
efficient use of the electrode area, an uneven distribution of the operating voltage of 
the fuel cell can also be prevented. Further, as a means for controlling the gas 
permeability, a method can be employed in which the thickness of the bottom part of 
the channels in the electrode substrate is reduced towards the outlet side, or a method 
which controls the gas penneability by reducing the density of carbon fibres of the 
electrode substrate towards the outlet side of the channels. 

Embodiments 

An embodiment of the present invention is described below. 

Fig. I is a sectional view of the main part of a gas pemieability control means in a 

fuel cell in accordance with an embodiment of the present invention. 

Figs. 2 and 3 are sectional views of the main part shown in fig. I along A-A and B-B 

respectively. 

With reference to the drawings, ribbed electrode 15 is positioned between electrode 
catalyst layer 6 and separator 7, and provided with channels 25 whose depth reduces 
to di at the reaction gas 8 inlet side, and increases to dj at the inlet side, so that the 
bottom surface 25B of the channels is inclined along the channels. Accordingly, the 
thickness t of the electrode substrate between the bottom surface 25B of the channels 
and the electrode catalyst layer 6 is large (t2) at the inlet side and small (t|) at the 
outlet side, thus providing a means of controlling the gas permeability with a 
distribution that has a low permeabilitj' to the active substances hydrogen and oxygen 
at the inlet side, and a high permeability at the outlet side. 



In accordance with the embodiment described above, the reaction gas S flowing into 
the channels at the inlet side has a high concentration of active substances, but since 
the substrate thickness is large (tj), the gas permeability is low, and the partial 
pressure of the active substances reaching the three-phase layer by diffusing through 
the substrate is suppressed. Although the concentration of active substances in the 
reaction gas approaching the outlet side of the channels has reduced en route, and is 
less than it was at the inlet side, because the gas permeability of the substrate that has 
a low thickness (ti) is high, the reduction in partial pressure of the active substances 
penetrating the substrate and reaching the three-phase interface is less than at the inlet 
side. As a result, the curve 1 10 (fig. 5) of the partial pressure distribution of the active 
substances hydrogen and oxygen at tlie three-phase interface is has a more gentle 
slope compared with the prior art distribution curve 101. Consequently, the 
distribution of the electric power generating reaction in the direction of the channels is 
more uniform than in the prior art, so that the electrode area can be used more 
efficiently for the power generation reaction, and a fiael cell can be provided in which 
the reduction in operating voltage due to polarisation is low. 

Fig. 4 is a sectional view of the main part of a gas permeability control means in 
accordance with a further embodiment of the present invention. Ribbed electrode 35 
is provided with channels 5F or 5A whose depth d is constant, as in the prior art, and 
the thickness t of the substrate at the bottom part of the channels is maintained along 
the channels. However, the densitj^ of carbon fibres varies so that it is high at the 
reaction gas inlet side and low at the outlet side, fomiing a gas permeability control 
means having a different structure from that of the previous embodiment. The gas 
permeability along the channel direction of the ribbed electrode substrate 35 of this 
structure has a distribution characteristic in which the pemieability is low at the 
reaction gas inlet side and increases towards the outlet side. .As in the previous 
embodiment, the partial pressure of the active substances hydrogen and oxygen 
reaching the three-phase interface after penetrating the electrode substrate is therefore 
evened out along the channels. Consequently, the distribution of the electric power 
generating reaction is improved, the electrode area is used efficiently, and the uneven 
distribution of the operating voltage is improved. 

Effect of the invention 

As described above the present invention provides a ribbed electrode substrate in 
which the chaimels forming the reaction gas fluid passage become deeper towards the 
reaction gas outlet side, or in which the density of carbon fibres reduces towards the 
reaction gas outlet side, thus constituting a means of controlling the gas permeability 
such that the permeability to the active substances hydrogen and oxygen is low at the 
reaction gas inlet side and high at the reaction gas outlet side. Since the concentrauon 
of the active substances in the reaction gas flowing into the reaction gas passage 
reduces towards the outlet side of the passages, the uneven distribution of the partial 
pressure of the active substances that develops at the tlu-ee-phase interface is 
compensated by the inverse distribution characteristic of the permeability control 
means. Since the active substance partial pressure distribution at the three-phase 
interface can be made uniform, the problems in the prior art that are caused by the 
uneven partial pressure distribution, such as the uneven distribution of the electric 
power generating reaction at the three-phase interface, the resulting decrease in the 
unifonniiy of operating voltage or current produced in the fuel cell, the inefficient use 



of the electrode area and the resulting reduction in electric power generation 
performance, can be eliminated and a fuel cell provided which makes efficient use of 
the entire electrode area, and stably provides high electric power generation 
performance. 

4) Brief description of the drawings 

Fig. 1 is a sectional view of the gas permeability [control] means of a fuel cell in 
accordance with an embodiment of the present invention. 
Fig. 2 is a sectional view along line A- A of fig. 1 . 
Fig. 3 is a sectional view along line B-B of fig. 1 . 

Fig. 4 is a sectional view in accordance with a fiirther embodiment of the present 

invention. 

Fig. 5 is a characteristic curve of the partial pressure distribution of active substances 
in accordance with an embodiment of the present invention in comparison with the 
prior art. 

Fig. 6 is a perspective view of the general structure of a single cell. 

1... Single cell 

2...MatrLx 

3... Fuel electrode 

4... Oxidising agent electrode 

5, 15. 35... Ribbed electrode substrate. 

6... Electrode catalyst layer 

7... Separator 

8F,8A.8... Reaction gas 

5A.5B,25... Channel (reaction gas passage) 

25B... Sloped bottom surface of channel 

d... Channel depth 

I... Thickness of electrode substrate of channel bottom part 
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